Monolayers of mouse fibroblasts were used as cellular immunoadsorbents to separate rat lymphocytes that recognize specific mouse histocompatibility antigens. Normal lymphocytes were incubated on fibroblasts of strain C3H/eb, and nonadherent cells were separated from adherent cells, then transferred for sensitization onto fresh monolayers of C3H. When tested on 5"Crlabeled target monolayers the nonadherent cells manifested significantly lower cytotoxicity than the adherent cells. However, the nonadherent cells could be sensitized against mouse fibroblasts of an unrelated H-2 phenotype (strain Balb/c). The immune specificity of the adherence was further demonstrated by a stepwise adsorption, which resulted in complete loss of the capacity to acquire specific lytic activity towards C3H antigens. Lymphocytes recognizing strain-specific antigens of the mouse were separated at 370 (not at 00 or 40); separation was inhibited after treatment with dinitrophenol, sodium azide, or trypsin. Prior treatment with neuraminidase rendered the lymphocytes suceptible to separation at 00.
The diversity of antibodies is attributed to an underlying diversity among the precursors of antibody-producing cells. This conclusion could be inferred from (a) the specific binding of antigens to lymphocytes (1), (b) the elimination of such lymphocytes after binding to highly radioactive antigens (2) , and (c) the specific adherence of antigen-binding cells to antigen-coated bead columns (3) . Furthermore, by the use of similar approaches with anti-immunoglobulin antibody, it was shown that the cell receptors for antigen in these cases are most probably immunoglobulin molecules (4) . In all these studies, the reacting cells represented lymphocytes derived from bone marrow (B-cells), i.e., the precursors of cells that would actually produce antibodies. No such specific binding, and hence no diversity, could be demonstrated in unstimulated thymus-derived lymphocytes (T-cells), which are involved in carrier recognition as helpers for antibody production (5) or as effectors in cell-mediated immunity (6) .
To test the diversity of cells participating in cellular immunity, we used an in vitro system developed in our laboratory, in which a primary graft reaction is induced in cell culture (7) . Rat lymphocytes are cultured on mouse fibroblast monolayers. After interaction with the mouse fibroblasts, part of the lymphocytes transform to large blastoid cells, multiply, and acquire the capacity to lyse fibroblasts genetically identical with those of the sensitizing monolayer. The lytic activity is measured by transfer of aliquots of the in vitro sensitized lymphocytes (after 4-5 days of cultivation) to "Cr-labeled target monolayers and determination of the release of radioactive chromium. The reaction is specific: rat lymphocytes cultured on sensitizing monolayers of a certain mouse histocompatibility phenotype would lyse target monolayers of different phenotypes to a much lesser extent than identical monolayers (8) . Furthermore, it was demonstrated that the specificity of the reaction is determined by the antigens interacting with thymus-derived lymphocytes (9) , and that the lytic process is brought about by direct contact between effector lymphocytes and target cells (10) . No synthesis of immunoglobulin has been demonstrated (11) .
In a previous report, we described that after plating of lymphocytes on sensitizing monolayers a certain proportion of the lymphocytes adhere firmly to the fibroblasts. We demonstrated that fibroblast monolayers may be used as cellular immunoadsorbents for the separation of cells that recognize one antigenic complex from a nonimmunized lymphocyte population (12) .
In the present study, we tested whether, in fact, the initial adherence of these cells represents the specific binding of lymphocytes via their receptors to strain-specific antigens on mouse-fibroblasts, as well as the conditions that determine such binding.
MATERIALS AND METHODS
Animals. Female Lewis rats, 1-to 2-months old, were used as donors of lymph node cells. Cultures of mouse fibroblasts were prepared from C311/eb and Balb/c mice.
Fibroblast Monolayers. The preparation of monolayers of mouse fibroblasts has been described in detail (8) Assay of Lymphocyte-Mediated Cytolysis. Target-cell destruction was estimated by the percentage of total 5"Cr released from target fibroblasts through the action of sensitized lymphocytes (8 Volumes were added to lymphocyte suspensions of 14 ml, which were subsequently plated on sensitizing monolayers. Sodium azide was dissolved in distilled water, to make up a 1 M stock solution. Again, 0.14 ml of stock solution was added to 14 ml of lymphocyte suspension.
RESULTS

Basic experimental program
Normal lymph-node lymphocytes from rats were plated on monolayers of mouse fibroblasts for a short time, usually 0.5-2 hr. The nonadherent (supernatant) lymphocytes were separated from the lymphocytes that were firmly adsorbed on the monolayers, and transferred to fresh monolayers. Both types of cultures were then further incubated to allow reactive lymphocytes to undergo sensitization, manifested by blastoid transformation and proliferation. On the fifth day of sensitization, the lymphoid cell population was harvested from the sensitizing monolayers and equal numbers of viable lymphocytes were transferred onto 5"Cr-labeled target monolayers to assay cytotoxic activity.
Specific adherence of normal lymph-node cells to fibroblast monolayers
The first set of experiments was designed to measure the minimal time required for rat lymphocytes to specifically adhere to mouse fibroblasts. Fig. 1 shows the results of an experiment in which we incubated lymphocytes with monolayers of C3H fibroblasts and separated, at different time intervals, the nonadherent lymphocytes from those that bound to fibroblasts. An optimal separation effect was reached at 30 min of incubation. The population obtained from adherent lymphocytes was significantly richer in transformed blastoid cells, and produced twice the cytolytic effect as did an equal number of the initially nonadherent lymphocytes.
The separation effect might be explained either on the basis of nonspecific adherence of cells necessary for the induction of sensitization, such as macrophages (13) Lymphocytes were cultured on fibroblasts for 1 hr in culture medium containing 1 mM dinitrophenol, or 10 mM sodium azide. After cell separation, all supernatant lymphocytes were washed in Eagle's medium before they were replated onto fresh monolayer. Plates containing adherent lymphocytes were also rinsed with Eagle's medium before being replenished with culture medium Data presented as in Table 2 ; target culture incubation: 24 hr tures of about 40 (3, 4) . We performed experiments to investigate if the same is true for our thymus-dependent immune reaction mediated by T-cells. The separation procedure was attempted at 0 and 40, as compared to control cultures incubated at 370, which showed a marked separation effect. At 0 and 40 the supernatant cells developed cytotoxic activity as did the adherent lymphocytes after subsequent incubation under normal culture conditions (Table 3) .
These findings suggested that antigen-specific adherence of normal T-lymphocytes requires metabolic energy. This conclusion was confirmed by measurement of the separation effect at 37°in the presence of different metabolic inhibitors. 1 mM dinitrophenol and 10 mM sodium azide consistently prevented a separation effect (Table 4) . Lymphocyte viability was not affected at these concentrations.
Effect of neuraminidase on lymphocyte separation at 00 Neuraminidase of Vibrio cholerae exposes certain surface proteins of lymphoid and other cells, thus rendering them accessible to antibodies (14) , or increasing their antigenicity (15) . We tested whether prior treatment of lymph node cells might affect the specific adsorption, possibly by increasing the exposure of cell receptors. (17) , are sensitive to trypsin digestion. If such a surface protein plays an essential role in the specific adsorption process, then its removal by trypsinization from the lymphocyte surface should abolish specific separation.
We treated lymph node lymphocytes with trypsin before plating them on C3H sensitizing monolayers. Table 6 shows that no separation effect was obtained after an incubation period of 1 hr, nor did the capacity to adhere specifically reappear after 24 hr.
DISCUSSION
Our results indicate that T-lymphocytes participating in cell-mediated immune lysis of mouse cells constitute a diverse population. The diversity is inferred from the capacity of mouse fibroblasts of a given H-2 phenotype to adsorb lymphocytes with specific reactivity towards that same phenotype, while cells reactive against unrelated H-2 phenotypes are retained in the supernatant. Specific binding of immunized mouse lymphocytes to allogeneic target cells was described by Brondz (18) . We have recently used nonimmunized mouse lymphocytes in an allogeneic system similar to the xenogeneic one described in this paper, and obtained separation of H-2-reactive cells (19, 20) .
Unlike the adsorption of B-lymphocytes on antigen columns that takes place at 40, the immunoadsorption described here took place only at 37°. The energy dependence of specific adherence might be related to surface migration and concentration of membrane receptors. Such energy-requiring processes have been demonstrated to occur with "cap formation" when lymphocyte surface immunoglobulins are treated with bivalent anti-immunoglobulin antibodies (21) . Another explanation might be the exposure of partly hidden receptors. Lymphocytes were incubated with neuraminidase diluted with Eagle's medium (50 units/108 lymphocytes per ml) for 15 min at 37°. After they were washed in Eagle's medium, the cells were resuspended in culture medium at 00 and plated onto cooled fibroblast monolayers. The cultures were incubated on ice in 5% CO2-95' air for 1 hr. After separation of the adherent from the nonadherent lymphocytes, all cultures were transferred to 370 incubators. Data presented as in Table 2 ; target culture incubation: 24 hr. 6 X 108 Lymphocytes were suspended in 20 ml of 0.3% trypsin solution at 370, pH 7, for 15 min. After they were washed, cells were ncubated at 370 on fibroblast monolayers, and separated after 1 hr and 24 hr. Data presented as in Table 2 .
The fact that prior treatment of lymphocytes with neuraminidase enables them to recognize the histocompatibility antigens, even at 00, strongly supports the second possibility. It would be of interest to test whether the binding of T-cells to other antigens, for example to carrier proteins of a haptencarrier immunogen, depends also on a temperature of 370; a result that would explain the failure to obtain such binding in previous studies in which only low temperatures were applied.
Evidently, the experiments reported here do not indicate the chemical nature of the T-lymphocyte receptors for strainspecific antigens of mice. Protein structures appear to be critical components for the binding process, since trypsin treatment of lymphocytes prevented their specific adsorption. The molecular nature of T-cell receptors is unknown. Studies from other laboratories report a certain reducing effect of anti-L-chain antibodies on graft-versus-host reaction (22) , mixed lymphocyte reaction (23) , and on helper activity of carrier sensitive lymphocytes (24) . We are unable to demonstrate any inhibitory influence of anti-L-chain (Fab'-fragment) on specific adherence in our system (25).
